Introduction {#S0001}
============

The retinoblastoma (RB) is the most common intraocular malignant tumor usually occurring during childhood.[@CIT0001] Despite great improvement of diagnostic and surgical techniques, the prognosis of patients with RB is still unsatisfactory.[@CIT0002],[@CIT0003] Therefore, exploring the molecular mechanisms underlying RB tumorigenesis and progression is urgently needed to find the effective diagnostic and therapeutic targets for the treatment of this disease.

Long noncoding RNAs (lncRNAs) are a class of newly identified regulatory RNA member with more than 200 nucleotides in length and without the protein-coding ability.[@CIT0004] Accumulating evidence has suggested that lncRNAs implicated in a wide range of biological processes, including cell proliferation, apoptosis and invasion.[@CIT0005],[@CIT0006] Number of cancer-associated lncRNAs has been identified to be involved in occurrence and development of various cancers.[@CIT0007],[@CIT0008] Besides, several lncRNAs have been reported to be correlated with RB progression functioning as oncogene and tumor suppressor in RB.[@CIT0009],[@CIT0010]

Homeobox A11 antisense RNA (HOXA11-AS), a highly conserved lncRNA located in the HOXA gene cluster on chromosome 7p15.2,[@CIT0011] is primordially discovered in a mouse embryonic cDNA library.[@CIT0012] HOXA11-AS has been reported to be involved in tumor progression in several types of cancer.[@CIT0013]--[@CIT0015] However, the expression status, detailed biological function and the possible molecular mechanisms of HOXA11-AS involved in RB progression remain unknown. Therefore, the aims of this study were to explore the biological function and underlying molecular mechanism of HOXA11-AS in RB.

Materials and methods {#S0002}
=====================

Human tissue samples {#S0002-S2001}
--------------------

A total of 30 RB tissue samples were collected from RB patients treated with surgical resection without preoperative chemotherapy or radiotherapy at the Second Hospital of Jilin University. 10 normal retina tissue samples were obtained from patients with ruptured globes. All samples were extracted from enucleated eyes and immediately stored in liquid nitrogen for further study. All experiments about using human tissues have been conducted in accordance with the World Medical Association Declaration of Helsinki, and that all subjects provided written informed consent. This study was approved by the Clinical Research Ethics Committee of the Second Hospital of Jilin University (Changchun, China).

Cell culture and transfection {#S0002-S2002}
-----------------------------

The human retinal epithelial cells ARPE-19 and four human RB cell lines Y79, Weri-Rb1, SO-Rb50, and HXO-RB44 were bought from the American Type Culture Collection (ATCC) and cultured in Dulbecco's modified Eagle's medium (DMEM; Carlsbad, CA, USA) containing 10% fetal bovine serum (FBS; Invitrogen) and 1% penicillin-streptomycin (Invitrogen; Carlsbad, CA, USA) at 37°C in a humidified atmosphere with 5% CO~2~.

For HOXA11-AS down-regulation, a small interference RNA (siRNA) targeting human HOXA11-AS (si-HOXA11-AS) and its negative control nonsensical sequence (si-NC) were constructed and synthesized by GenePhara (Shanghai, China). The miR-506-3p mimic, the appropriate negative control mimic (miR-NC) and miR-506-3p inhibitor (miR-506-3p in) were purchased from RiboBio (Guangzhou, China). Y79 cells were transiently transfected with one of the aforementioned siRNAs, mimics and inhibitor using Lipofectamine 2000 (Invitrogen) according to the manufacturer's protocol. Transfection efficiency was determined in every experiment at 48 hrs post-transfection.

RNA isolation and qRT-PCR {#S0002-S2003}
-------------------------

Total RNA was extracted from tissue samples and cultured cells using TRIzol® reagent (Invitrogen) following the manufacturer's instructions. Reverse transcription was performed for quantification using the TaqMan miRNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA, USA) or a Prime Script First Strand cDNA Synthesis kit (Takara, Dalian, China) according to the manufacturer's protocol. The cDNAs were amplified using TaqMan miRNA kit (Applied Biosystems) or SYBR Premix Ex Taq (Takara) using the ABI 7900 Fast System (Applied Biosystems). The primers are listed in [Table 1](#T0001){ref-type="table"}. Relative gene expression was calculated according to the 2^--ΔΔCt^ method after normalization to U6 for miR-506-3p or GAPDH for HOXA11-AS or NEK6.Table 1Real-time PCR primers used for mRNA expression analysisTarget genePrime(5ʹ-3ʹ)U6F- TCCGATCGTGAAGCGTTC\
R- GTGCAGGGTCCGAGGTmiR-506-3pF- GCCACCACCATCAGCCATAC\
R- GCACATTACTCTACTCAGAAGGGHOXA11-ASF- AGAAATCTGGACCCGAGACG\
R- CGTCAGCTTACGTCTCCAAANEK6F- TTCCAACAACCTCTGCCACACC\
R- CACAGTCCTGCCTCGCCTTGGAPDHF- AAGGTGAAGGTCGGAGTCAA\
R- -AATGAAGGGGTCATTGATGG[^1]

Cell proliferation assay {#S0002-S2004}
------------------------

Cell proliferation was measured using Cell Counting Kit-8 (CCK8; Beyotime, Beijing) according to the manufacturer's guide. Briefly, transfected cells in each group were plated into 96-well plates at density of 2,000 cells/well. In indicated time, the CCK8 regent (10 μL) was added to each well for another 4 hrs at 37°C with 5% CO~2~. The absorbance at the wavelength of 450 nm was finally measured using a microplate reader.

Flow cytometry for cell cycle and apoptosis analysis {#S0002-S2005}
----------------------------------------------------

Flow cytometry was used for cell cycle arrest and apoptosis analysis. Cells were harvested at 48 hrs post-transfection. For cell cycle arrest, transfected cells were seeded in six-well and were fixed with 75% ethanol overnight at 4°C. Then, cells stained with propidium iodide (PI) supplemented with RNaseA (Sigma) at room temperature in the dark for 15 mins. Cell cycle arrest was determined with a FACScan flow cytometer (BD Biosciences) and analyzed with the ModFit software (BD Biosciences).

The Annexin V/Dead Cell Apoptosis Kit (Invitrogen) was used to determine cell apoptosis according to the manufacturer's instructions. The cell apoptosis was analyzed using the FACScan flow cytometer equipped with CellQuest Software (BD Biosciences).

Luciferase reporter assays {#S0002-S2006}
--------------------------

HOXA11-AS fragment containing the predicated miR-506-3p binding site (wild-type) or mutant putative sequences of the binding sites (mutant-type) were synthesized and subcloned into a pmirGLO Dual-luciferase vector (Promega, USA) to form the reporter vector pmiRGLO-HOXA11-wild type (HOXA11-AS-WT) or pmiRGLO-HOXA11-AS-mutant (HOXA11-AS-MT). Y79 cells were co-transfected with reporter vector HOXA11-AS-WT or HOXA11-MT and miR-506-3p mimic or miR-NC by using Lipofectamine 2000. The relative luciferase activities were determined using a dual-luciferase reporter assay system (Promega) at 48 hrs after transfection according to the manufacturer's guide.

Statistical analyses {#S0002-S2007}
--------------------

All data are presented as as mean ± SD from at least three separate experiments. Statistical analyses were performed using SPSS 19.0 (SPSS, Chicago) using Student's *t*-test and one way ANOVA. Correlations between HOXA11-AS expression and miR-506-3p or *NEK6* expression were evaluated by Pearson's correlation analysis. Significance level was set as *P*\<0.05.

Results {#S0003}
=======

HOXA11-AS expression was upregulated in RB cells and tissues {#S0003-S2001}
------------------------------------------------------------

We initially detected the expression of HOXA11-AS in 30 RB tissues and 10 normal retina tissues by qRT-PCR. The results showed that the expression of HOXA11-AS was significantly increased in RB tissues compared to the normal retina tissues ([Figure 1A](#F0001){ref-type="fig"}). Subsequently, we analyzed the expression of HOXA11-AS in four human RB cell lines (Y79, Weri-Rb1, SO-Rb50 and HXO-RB44) and human retinal epithelial cells ARPE-19. Consistent with the results in RB tissues, HOXA11-AS expression was also dramatically increased in four RB cell lines as compared to ARPE-19 cells ([Figure 1B](#F0001){ref-type="fig"}), especially in Y79 cells. Thus, Y79 cells were chosen for the following experiments.Figure 1HOXA11-AS was up-regulated in RB tissues and cell lines. (A) The relative expression levels of HOXA11-AS was examined in 30 RB tissues and 10 normal retina tissue samples by using qRT-PCR analysis. (**B**) The relative expression levels of HOXA11-AS was examined in four human RB cell lines (Y79, Weri-Rb1, SO-Rb50 and HXO-RB44) and human retinal epithelial cells ARPE-19 by using qRT-PCR analysis. \*\**P\<*0.01.**Abbreviation:** RB, retinoblastoma. 

Knockdown of HOXA11-AS suppressed proliferation and facilitated apoptosis in RB cells {#S0003-S2002}
-------------------------------------------------------------------------------------

To explore the biological function of HOXA11-AS in RB cells, siRNA against HOXA11-AS (si-HOXA11-AS) were transfected into Y79 cells to decrease the expression of HOXA11-AS ([Figure 2A](#F0002){ref-type="fig"}). CCK-8 assay was performed to investigate the effect of HOXA11-AS on cell proliferation. The results demonstrated that downregulation of HOXA11-AS significantly inhibited cell proliferation of Y79 cells in comparison to negative control (si-NC) ([Figure 2B](#F0002){ref-type="fig"}). To determine whether the effect of HOXA11-AS on RB cells proliferation reflected cell cycle arrest, cell cycle progression was determined by flow cytometry analysis. The results revealed that knockdown of HOXA11-AS significantly increased cell cycle arrest at G1/G0 phase, and decreased arrest at S phase ([Figure 2C](#F0002){ref-type="fig"}). Moreover, we investigate the effect of HOXA11-AS on apoptosis of RB cells. We found that knockdown of HOXA11-AS significantly induced cell apoptosis of Y79 cells ([Figure 2D](#F0002){ref-type="fig"}).Figure 2Knockdown of HOXA11-AS suppressed proliferation, and induced apoptosis in RB cells. (**A**) The relative expression levels of HOXA11-AS was examined in Y79 cells transfected with si-HOXA11-AS or si-NC. Subsequently, (**B**) cell proliferation, (**C**) cell cycle distribution and (**D**) cell apoptosis were determined in Y79 cells transfected with si-HOXA11-AS or si-NC. \**P*\<0.05, \*\**P\<*0.01.**Abbreviation:** RB, retinoblastoma.

HOXA11-AS acted as a molecular sponge for miR-506-3p in RB cells {#S0003-S2003}
----------------------------------------------------------------

Accumulating evidence suggested that lncRNAs implicated in tumor progression by functioning as competing endogenous RNAs (ceRNAs) to specific miRNAs.[@CIT0016] Here, a bioinformatics prediction program (StarBase 2.0, <http://starbase.sysu.edu.cn/>) was used to predict the potential binding miRNAs for HOXA11-AS. We observed that miR-506-3p had relevant binding sites in HOXA11-AS ([Figure 3A](#F0003){ref-type="fig"}). This was confirmed by a dual-luciferase reporter assay, which revealed that overexpression of miR-506-3p significantly decreased the luciferase activity of the HOXA11-AS-WT, but not of HOXA11-AS-MT ([Figure 3B](#F0003){ref-type="fig"}). Furthermore, qRT-PCR showed that knockdown of HOXA11-AS-MT facilitated miR-506-3p expression in Y79 cells ([Figure 3C](#F0003){ref-type="fig"}), and that overexpression of miR-506-3p significantly decreased HOXA11-AS expression ([Figure 3D](#F0003){ref-type="fig"}). In addition, we also examined the expression of miR-506-3p expression in 30 RB tissues and 10 normal retina tissue samples by qRT-PCR, and found that miR-506-3p expression was downregulated in RB tissues compared to normal tissue samples ([Figure 3E](#F0003){ref-type="fig"}). Pearson's correlation analysis suggested a negative correlation between HOXA11-AS and miR-506-3p expression in RB tissues ([Figure 3F](#F0003){ref-type="fig"}).Figure 3HOXA11-AS acted as a molecular sponge for miR-506-3p in RB cells. (**A**) Schematic representation of the predicted binding sites between miR-506-3p and HOXA11-AS, and the mutagenesis design for the reporter assays. (**B**) Luciferase activity in Y79 cells co-transfected with miR-506-3p mimics or miR-NC, and luciferase reporters containing HOXA11-AS-WT or HOXA11-AS-MT. (**C**) The relative expression of miR-506-3p was determined in Y79 cells transfected with si-HOXA11-AS or si-NC. (**D**) The relative expression levels of HOXA11-AS was determined in Y79 cells transfected with miR-506-3p mimics or miR-NC. (**E**) The relative expression levels of miR-506-3p were examined in 30 RB tissues and 10 normal retina tissue samples using qRT-PCR analysis. (**F**) An inverse association between HOXA11-AS and miR-506-3p expression in RB tissues was identified by Pearson's correlation analysis. \*\**P\<*0.01.**Abbreviation:** RB, retinoblastoma. 

miR-506-3p inhibition restored the si-HOXA11-AS induced effects on cell proliferation, cycle arrest and apoptosis in RB cells {#S0003-S2004}
-----------------------------------------------------------------------------------------------------------------------------

To determine whether HOXA11-AS exerts biological roles in RB cells via regulating miR-506-3p, we carried out the rescue experiments by transfecting si-HOXA11-AS plus miR-506-3p inhibitor into Y79 cells. As shown in [Figure 4A](#F0004){ref-type="fig"}, result from qRT-PCR assay revealed that miR-506-3p inhibitor could decrease HOXA11-AS expression in Y79 cells transfected with si-HOXA11-AS ([Figure 4A](#F0004){ref-type="fig"}). In addition, CCK8 assay revealed that the inhibitory effect of HOXA11-AS knockdown on RB cell proliferation could be partially restored by miR-506-3p inhibitor (miR-506-3p-in) ([Figure 4B](#F0004){ref-type="fig"}). Flow cytometry assay revealed that repression of miR-506-3p largely rescued the effect of cell cycle arrest and apoptosis induced by si-HOXD-AS1 in Y79 cells ([Figure 4C](#F0004){ref-type="fig"} and [D](#F0004){ref-type="fig"}). These results implied that HOXA11-AS exerted its role in RB by targeting miR-506-3p.Figure 4miR-506-3p inhibition restored the si-HOXA11-AS-induced effects on cell proliferation, cycle arrest and apoptosis in RB cells. (**A**) The relative expression of miR-506-3p expression was determined in Y79 cells transfected with si-NC or si-HOXA11-AS, with or without the miR-506-3p inhibitor. (**B--D**) Cell proliferation, cycle arrest and apoptosis were determined in Y79 cells transfected with si-NC or si-HOXA11-AS, with or without the miR-506-3p inhibitor. \**P*\<0.05, \*\**P\<*0.01.**Abbreviation:** RB, retinoblastoma.

HOXA11-AS regulated the expression of NEK6 through miR-506-3p in RB cells {#S0003-S2005}
-------------------------------------------------------------------------

Growing evidences suggested that lncRNAs exerted its function through acting as molecular sponges or ceRNAs to regulate specific miRNAs and their targets of miRNAs.[@CIT0017] A previous study showed that miR-506-3p inhibited RB progression by targeting mitosis Gene A (NIMA)-related kinase 6 (NEK6).[@CIT0018] Thus, we determine whether HOXA11-AS can regulate NEK6 expression which is mediated by miR-506-3p by a rescue experiment. As shown in [Figure 5A](#F0005){ref-type="fig"}, knockdown of HOXA11-AS in Y79 cells significantly decreased the mRNA expression levels of *NEK6*, while inhibition of miR-506-3p could reverse this trend. In addition, we also examined the expression of *NEK6* expression in 30 RB tissue and 10 normal retina tissue samples by qRT-PCR. We found that the *NEK6* mRNA expression was upregulated in RB tissues compared to normal tissue samples ([Figure 5B](#F0005){ref-type="fig"}). Pearson's correlation analysis revealed that *NEK6* expression was negatively correlated with miR-506-3p expression in RB tissues ([Figure 5C](#F0005){ref-type="fig"}), and positively correlated with HOXA11-AS expression in RB tissues ([Figure 5D](#F0005){ref-type="fig"}). These data suggest that HOXA11-AS could regulate NEK6 expression through miR-506-3p in RB.Figure 5HOXA11-AS regulated the expression of NEK6 through miR-506-3p in RB cells. (**A**) The relative expression of *NEK6* was measured in Y79 cells transfected with si-NC or si-HOXA11-AS, with or without the miR-506-3p inhibitor. (**B**) The relative expression levels of *NEK6* mRNA were examined in 30 RB tissues and 10 normal retina tissue samples by using qRT-PCR analysis. (**C**) An inverse association between *NEK6* mRNA and miR-506-3p expression in RB tissues was identified by Pearson's correlation analysis. (**D**) A positive association between *NEK6* mRNA and HOXA11-AS expression in RB tissues was identified by Pearson's correlation analysis. \**P*\<0.05, \*\**P\<*0.01.**Abbreviation: **RB, retinoblastoma.

Discussion {#S0004}
==========

Recently, number of lncRNAs have been reported to play a significant regulatory role in RB initiation and development by functioning as a tumor suppressor or oncogene.[@CIT0008],[@CIT0009] For example, Hu et al reported that XIST promoted RB progression partially by modulating the miR-124/STAT3 axis.[@CIT0019] Li et al demonstrated that knockdown of LINC00152 significantly inhibited RB cell growth in vitro and in vivo.[@CIT0020] Zhang et al found that H19 inhibited RB progression via counteracting the roles of miR-17--92 cluster.[@CIT0021] Wang et al revealed that DANCR acted as ceRNA for miR-34c and miR-613 to regulate progression and metastasis in RB oncogenesis via targeting MMP-9.[@CIT0022] In this study, we found that HOXA11-AS expression was upregulated in RB tissues and cell lines. Knockdown of HOXA11-AS significantly inhibited RB cell proliferation, and induced cell arrest at G1/G0 phase and cell apoptosis. Mechanic analysis demonstrated that HOXA11-AS contributed to RB progression by modulating miR-506-3p/NEK6 axis.

HOXA11-AS1 (also known as NCRNA00076), a member of the homeobox (HOX) family gene,[@CIT0010] has been reported to be upregulated in multiple types of cancer, including renal cancer,[@CIT0023] hepatocellular carcinoma,[@CIT0024] laryngeal squamous cell carcinoma,[@CIT0025] non-small cell lung cancer,[@CIT0026] glioma,[@CIT0027] breast cancer,[@CIT0028] osteosarcoma[@CIT0029] and gastric cancer,[@CIT0030] suggesting that HOXA11-AS1 played an oncogenic role in these types of cancers. On the contrary, in ovarian cancer[@CIT0031] and colorectal cancer,[@CIT0032] HOXA11-AS1 expression was downregulated and functioned as a tumor suppressor. These inconsistent results suggested that HOXA11-AS1 played different roles in tumor progression depending on details of cancer types. However, until now, no systematic study was performed on the expression and role of HOXA11-AS in RB. Our present data revealed that HOXA11-AS expression was upregulated in RB tissues and cell lines, suggesting that HOXA11-AS might be involved in RB progression. Furthermore, we identified the effects of HOXA11-AS on the biological behaviors of RB, showing that knockdown of HOXA11-AS significantly inhibited RB cell proliferation, and induced cell arrest at G1/G0 phase and cell apoptosis. These results implied that HOXA11-AS functioned as an oncogene in RB.

It was well known that lncRNAs exert their biological function by functioning as ceRNAs sponging for miRNAs, thus affecting the expression levels of miRNAs target genes.[@CIT0016],[@CIT0033] To investigate the possible molecular mechanism of HOXA11-AS involved in RB progression, we used starbase 2.0 algorithm to predict miRNAs that targeted HOXA11-AS. Among miRNAs, miR-506 was chosen to act as an object based on its biological roles in RB. miR-506-3p has been reported to be downregulated and functioned as a tumor suppressor in RB.[@CIT0018] Through luciferase reporter assay and qRT-PCR, we confirmed that miR-506-3p was a direct target of HOXA11-AS in RB. We also found that miR-506-3p expression was negatively correlated with HOXA11-AS expression in RB tissues. Importantly, miR-506-3p inhibition restored the si-HOXA11-AS induced effects on cell proliferation, cycle arrest and apoptosis in RB cells. Those data indicated that HOXA11-AS might function as a sponge for miR-506-3p in RB.

LncRNA could function as ceRNAs to regulate their targets of miRNAs.[@CIT0017] NEK6 has been proven to be a target of miR-506-3p in RB.[@CIT0018] Growing evidence showed that NEK6 played crucial roles in tumorigenesis.[@CIT0034],[@CIT0035] Here, we determine whether HOXA11-AS can regulate NEK6 expression. We found that knockdown of HOXA11-AS in Y79 cells significantly decreased the mRNA expression levels of *NEK6*, while inhibition of miR-506-3p could reverse this trend. In addition, we also found that the mRNA expression levels of *NEK6* were upregulated in RB tissues compared to normal tissue samples, which was consistent with the previous result.[@CIT0018] Pearson's correlation analysis revealed that *NEK6* expression was negatively correlated with miR-506-3p expression in RB tissues, and positively correlated with HOXA11-AS expression in RB tissues. These data suggest that HOXA11-AS could regulate NEK6 expression in RB cells through miR-506-3p.

In conclusion, to our knowledge, the present study first provides evidence that HOXA11-AS was upregulated in RB tissues and cell lines, and that HOXA11-AS played an oncogenic role in RB tumorigenesis through sponging miR-506-3p at least partially. These data suggested that HOXA11-AS might serve as a potential therapeutic target for the RB treatment.
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[^1]: **Abbreviations:** F, forward; mRNA, messenger RNA; PCR, polymerase chain reaction; R, reverse.
